A novel endophytic bacterium, designated strain HZ7 T , was isolated from the root nodules of Robinia pseudoacacia growing in a lead-zinc mine in Mianxian County, Shaanxi Province, China. Cells were Gram-reaction-negative, aerobic, motile, rodshaped, methyl-red-negative, catalase-positive, positive for chitosan-degrading activity and did not produce H 2 S. Strain HZ7 T grew at 4-45 C (optimum 25-30 C), at pH 5-9 (optimum pH 7-8) and with 0-1 % (w/v) NaCl. The quinone type was ubiquinone 8 (UQ-8). The major fatty acids were identified as C 16 : 0 , C 17 : 0 cyclo and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The G+C content of the genomic DNA was 68.5 mol% by whole genome sequencing. According to 16S rRNA gene sequence analysis, the closest phylogenetic relative was Mitsuaria chitosanitabida 3001 T (99.05 % similarity). Genome relatedness was computed using average nucleotide identity and genome-to-genome distance analysis, both of which strongly supported strain HZ7 T as belonging to the genus Mitsuaria as a representative of a novel species. On the basis of phylogenetic analysis, chemotaxonomic data and physiological characteristics, strain HZ7 T represents a novel species of the . No species in this genus had been discovered in the root nodules of plants growing in heavymetal-contaminated mine soils.
The genus Mitsuaria, belonging to the family Comamonadaceae within the Betaproteobacteria, was proposed by Amakata et al. [1] . The genus Mitsuaria contains Gramnegative, obligately aerobic, oxidase-and catalase-positive and chitosanase-producing bacteria. Cells of Mitsuaria species are motile with a single polar flagellum. The major respiratory quinone is ubiquinone 8 (UQ-8). The genus Mitsuaria has increasingly been considered as an important source of chitosanase [2] [3] [4] . Chitosanase can hydrolyse chitosan into different-length chitosan oligosaccharides [5] and plays a role in morphogenesis and/or autolysis in chitin-containing organisms such as fungi, insects and crustaceans [6] . The chitosan oligosaccharides have been reported to possess several important biological properties, including antitumour, antifungal and antibacterial activities, exhibiting great potential for drug development and biocontrol functions [7] [8] [9] [10] . Therefore, novel species of Mitsuaria may have a profound influence on the screening of chitosanase. At the time of writing, Mitsuaria chitosanitabida was the type and only species in the genus Mitsuaria [1] and recent work has reported the structure of chitosanase from M. chitosanitabida [11] . No species in this genus had been discovered in the root nodules of plants growing in heavymetal-contaminated mine soils.
Strain HZ7
T was isolated from the root nodules of Robinia pseudoacacia growing in a lead-zinc mine in Mianxian County, Shaanxi Province, China (33 6¢ 53.3 † N 106 47¢ 32.2 † E). The surface of the root nodules was sterilized as described previously [12] by immersion in 95 % ethanol and 0.2 % HgCl 2 followed by rinsing six times with distilled water. The surface-sterilized nodules were then crushed and streaked onto yeast-mannitol agar (YMA) [13] and incubated at 28 C for 3-5 days. Single colonies were picked and repeatedly streaked on the same medium. The purified isolate was maintained on agar slopes at 4 C and as glycerol suspensions (20 %, v 
Morphological properties were examined by light microscopy (Olympus CX31) and scanning electron microscopy (JSM 6360LV), using cultures grown for 3 days at 28 C on YMA. Gram staining and the methyl red reaction were determined using the staining methods described by Dong and Cai [14] . Cell motility was determined using a tube containing semisolid medium [15] . The effect of temperature (4, 10, 20, 30, 37 and 45 C), NaCl (ranging from 0 to 6 %, w/v, at intervals of 1 %) and pH (from 4.0 to 10.0 at intervals of 1 pH unit) on growth was assessed after incubation for 3-5 days at 28 C. The following buffers (final concentration 50 mM) were used to adjust the pH of YMA broth: acetate buffer, pH 4.0-5.5; phosphate buffer, pH 6.0-8.0; and Tris buffer, pH 8.5-10.0. Growth on different media was tested using YMA, tryptic soy agar (TSA) and Luria-Bertani (LB) agar at 28 C. Catalase tests were performed as outlined by Cappuccino and Sherman [16] . Resistance to antibiotics was tested on YMA plates [17] . Hydrolysis of Tween and production of H 2 S were studied as described by Smibert [18] . Biochemical tests were carried out by using API 20NE, API ZYM and API 50CHB kits according to the manufacturer's instructions (bioM erieux). Carbon source utilization patterns were determined using a Biolog GN2 MicroPlate (bioM erieux). The chitosanase produced by strain HZ7 T was also assayed [1] .
Cells of strain HZ7
T were Gram-reaction-negative, methylred reaction-negative, aerobic, motile and rod-shaped (0.3Â1.5-2 µm) with a single polar flagellum (Fig. 1) . Strain HZ7
T grew well at 28 C on YMA, TSA and LB agar. Colonies of strain HZ7
T grown on YMA were white, circular and convex with entire margins after incubation at 28 C for 48 h. Strain HZ7
T grew at 4-45 C (optimum 25-30 C) and pH 5-9 (optimum pH 7-8). The NaCl concentration range for growth was 0-1 % (w/v). Catalase activity was positive. H 2 S was not produced. Hydrolysis of Tweens 40 and 80, and ability to degrade L-arabinose, maltose and chitosan were positive. Compared with M. chitosanitabida 3001 T , strain HZ7
T had higher resistance to piperacillin (100 µg per drug susceptibility test paper, diameter 6.35 mm), and also showed higher sensitivity to cefotaxime (30 µg) and ofloxacin (5 µg). Strain HZ7
T utilized D-mannitol, D-mannose, turanose, D-glucosaminic acid, hydroxy-L-proline, D-serine, gelatin, N-acetylglucosamine, adipic acid and glycogen, but did not assimilate D-fructose, trehalose, p-hydroxybutyric acid, itaconic acid, malonic acid, sebacic acid, L-histidine, L-phenylalanine, inosine, uridine, thymidine, glucose 1-phosphate, glucose 6-phosphate or starch. Strain HZ7 T was also negative for nitrate reduction, urease, b-galactose glucoside enzyme, assimilation of gluconate, capric acid and phenylacetic acid, cystine aromatic ammonia enzyme and b-galactosidase. Detailed physiological and biochemical characteristics of strain HZ7
T are presented in Table 1 and in the species description.
Ubiquinones were extracted from cells that had been grown in nutrient broth (Difco) and were analysed as described by Komagata and Suzuki [19] using reversed-phase HPLC. Cellular fatty acids were extracted as described by K€ ampfer and Kroppenstedt [20] . The fatty acid methyl esters were analysed by GC following the MIS operation manual (MIDI). Fatty acid methyl esters were identified and quantified by the Sherlock MIS software (version 4.5). (Table S1 , available in the online version of this article). A similar fatty acid composition was observed for M. chitosanitabida [1] , Roseateles terrae and Pelomonas puraquae [21] . Compared with M. chitosanitabida 3001 T , strain HZ7 T had lower percentage of summed feature 3, C 16 : 0 and summed feature 8, but higher percentage of C 14 : 0 . Moreover, the components C 17 : 0 cyclo and anteiso-C 12 : 0 were present in strain HZ7
T but absent from M. chitosanitabida 3001 T .
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were performed as described by Chun and Goodfellow [22] . Universal bacterial 16S rRNA gene primers P1 (5¢-CGGGATCCAGAGTTTGATCCTGGCTCA-GAACGAACGCT-3¢) and P6 (5¢-CGGGATCCTACGGC TACCTTGTTACGACTTCACCCC-3¢) were used for 16S rRNA gene amplification. The PCR product was purified and sequenced directly using an automated DNA Sequencing System (ABI 3730XL). The 16S rRNA gene sequence of strain HZ7 T was multiply aligned with those deposited in the GenBank database and sequence similarities were calculated with the EzTaxon-e server [23] . Alignments of the 16S 
T are from Amakata et al. [1] . †Data for Roseateles terrae CCUG 52222 T and Roseateles aquatilis CCUG 48205 T are from Gomila et al. [21] . ‡Data for Pelomonas puraquae CCUG 52769 T are from Gomila et al. [34] . T with those of type strains of the genera Mitsuaria, Pelomonas and Roseateles were carried out with CLUSTAL X version 1.8 [24] . Phylogenetic trees were reconstructed using the methods available in MEGA version 6.0 [25] . Neighbour-joining and minimumevolution trees were reconstructed using the Kimura twoparameter model [26] and all gaps were pairwise deleted. Maximum-likelihood trees were reconstructed using the Tamura-Nei model, where the nearest-neighbour interchange method was used and all gaps were partially deleted. Bootstrap analysis was used to evaluate the confidence level of the branch nodes by performing 1000 replicates [27] . T , respectively. The phylogenetic position of the isolate in relation to other species of the genera Mitsuaria, Roseateles and Pelomonas based on the neighbour-joining, minimum-evolution and maximum-likelihood methods is shown in Fig. 2 .
Draft genome sequences of strain HZ7
T as well as R. terrae CCUG 52222 T , R. aquatilis CCUG 48205 T and P. puraquae CCUG 52769
T were obtained using the Illumina HiSeq platform with a paired-end read length of 2Â150 bp and assembled using SOAP denovo version 2.04 [28] . Annotation was performed with GeneMarkS version 4.17 [29] (Table 2) . Reads were deposited in the short-read archive at NCBI (Table 2 ). Sequence scaffolds of the four strains (HZ7 T , R. terrae CCUG 52222 T , R. aquatilis CCUG 48205 T and P. puraquae CCUG 52769 T ) have been deposited in DDBJ/ ENA/GenBank with accession numbers NIOE00000000, NIOG00000000, NIOF00000000 and NISI00000000, respectively. The genome of M. chitosanitabida 3001 T is available in DDBJ/ENA/GenBank with accession number BCYP00000000.
For analysis of genome relatedness, the average nucleotide identity (ANI) value was calculated by using JSpeciesWS [30] . In addition to ANI, in silico pairwise DNA-DNA hybridization (DDH) values were estimated for the novel strain and the most closely related strains using the genome-to-genome distance calculator 2.0 (http://ggdc. dsmz.de/distcalc2.php) [31] . For species delineation, the recommended threshold of 70 % genomic relatedness based on DDH [32] has been found to correlate to 95-96 % ANI, derived from a whole genome sequence [33] . The ANI values calculated between strain HZ7 T and R. terrae CCUG 52222 T , R. aquatilis CCUG 48205 T , P. puraquae CCUG 52769 T and M. chitosanitabida 3001 T were in the range 84.4-87.4 %, which is below the proposed threshold of 95-96 % for the same species, and supports the inclusion of strain HZ7
T in a novel species (Table S2 ). The in silico DDH values comparing strain HZ7
T and R. terrae CCUG 52222 T , R. aquatilis CCUG 48205 T , P. puraquae CCUG 52769 T and M. chitosanitabida 3001 T were in the range 21.0-28.4 % (Table S3) , which is well below the proposed threshold of 70 % for same species designation. This result further supports the classification of strain HZ7
T as representing a novel species.
On the basis of the phenotypic and genotypic data and genome relatedness based on ANI and DDH, strain HZ7 T represents a novel species of the genus Mitsuaria, for which the name Mitsuaria noduli sp. nov. is proposed.
DESCRIPTION OF MITSUARIA NODULI SP. NOV.
Mitsuaria noduli (no¢du.li. L. gen. dim. n. noduli of a little knot, of a nodule, a growth on the roots of legume Robinia pseudoacacia, from which the type strain was isolated).
Cells are Gram-reaction-negative, aerobic, motile and rodshaped (0.3Â1.5-2 µm) with a single polar flagellum. Grows well at 28 C on YMA, TSA and LB agar. Colonies grown on YMA for 2 days are white, circular, convex with entire T in relation to its nearest phylogenetic neighbours. Filled stars indicate that the corresponding nodes were also recovered in the trees generated with the minimum-evolution and maximum-likelihood algorithms. 'E' indicates that the corresponding nodes were only recovered in the tree generated with the minimum-evolution algorithm. Numbers at nodes indicate the percentage of bootstrap support based on 1000 replicates. Bar, 0.005 changes per nucleotide position.
margins, and 2-5 mm in diameter. Growth occurs at 4-45 C (optimum 25-30 C), at pH 5-9 (optimum pH 7-8) and with 0-1 % (w/v) NaCl. Catalase-and chitosan-degrading activity is positive. H 2 S is not produced. Methyl-redreaction is negative. Resistant to piperacillin, but sensitive to cefotaxime and ofloxacin. In Biolog GN2 microplates the following substrates are used as energy sources: glycogen, Tween 40, Tween 80, N-acetyl-D-galactosamine, cellobiose, a-D-glucose, D-mannose, methyl ester, monomethylsuccinate, acetic acid, cis-aconitic acid, citric acid, formic acid, Dgluconic acid, D-glucosaminic acid, a-hydroxybutyric acid, g-hydroxybutyric acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, propionic acid, succinic acid, bromosuccinic acid, succinamic acid, L- 
serine, L-serine, urocanic acid, glycerol, histidine, DL-a-amino propionic acid, threonine, asparagine and tyrosine. In the API (API 20NE, API ZYM and API 50CHB) systems, positive for gelatin, assimilation of mannose, mannitol, N-acetylglucosamine, adipic acid and citric acid, a-chymotrypsin, and 3-hydroxyethylketone to produce acetyl methyl methanol, gelatinase, glucose and catalase. Similarly, negative for nitrate reduction, urease, bglucose glucosidase, b-galactose glucoside enzyme, assimilation of arabinose, gluconate, capric acid and phenylacetic acid, cystine aromatic ammonia enzyme, insulin, b-glycosidase enzymes, b-galactosidase, L-arabinose, galactose, sucrose, trehalose, starch, gentiobiose and D-fucoidan. The quinone type is UQ-8. The major fatty acids are C 16 : 0 , C 17 : 0 cyclo and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). According to 16S rRNA gene sequence analysis, the closest phylogenetic relative is M. chitosanitabida 3001 T .
The type strain, HZ7 T (=JCM 31671 T =CCTCC AB 2014353 T ), was isolated from the root nodules of Robinia pseudoacacia growing in a lead-zinc mine in Mianxian County, Shaanxi Province, China. The DNA G+C content of the genomic DNA of the type strain is 68.5 mol%. 
